Xylitol, Sugar C ane Bagasse, A lum inium Polychloride, A lum inium Sulfate X ylitol, a sw eetener com parable to sucrose, is anticariogenic and can be consum ed by diabetics. This sugar has been em ployed sucessfully in m any foods and pharm aceu tical p ro ducts. The discovery of m icroorganism s capable of converting xylose p resen t in lignocellulosic biom ass into xylitol offers the opportu n ity of producing this poliol in a sim ple way. Xylitol production by biotechnological m eans using sugar cane bagasse is u n d er study in our laboratories, and ferm entation p aram eters have already b een established. H ow ever, the dow nstream processing for xylitol recovery is still a b o ttlen eck on which th ere is only a few data available in the literature. The p resen t study deals with xylitol recovery from ferm ented sugar cane bagasse hydrolysate using 5.2 g/1 o f alum inium polychloride associated w ith acti vated charcoal. The experim ents w ere p erfo rm ed at p H 9, 50 °C for 50 min. The results show ed th a t alum inium polychloride and activated charcoal p ro m o ted a 93.5% reduction in phenolic com pounds and a 9.7% loss of xylitol from th e ferm en ted m edium , which becam e m ore discoloured, facilitating the xylitol separation.
In tro d u ctio n
The use of lignocellulosic residues as energy sources in biotechnological processes helps to re duce the environm ental pollution caused by the accum ulation of such residues on th e soil and co n trib u tes to the generation of valuable products (M olwitz eta l., 1996; .
Sugar cane bagasse, one of these residues, is g en erated by th e Brazilian sugar-alcohol industry in large am ounts. The hydrolysis of the hem icellulosic fraction of this biom ass results in a hydroly sate containing hexoses and pentoses, but also v ar ious degradation products (Felipe etal., 1977; Felipe et al., 1997) . Several physico-chem ical tre a t m ents are necessary for rem oving these toxic sub stances from the hydrolysate before it can be used in bioprocesses. O ne of these bioprocesses, the conversion of xylose contained in sugar cane hemicellulosic hydrolysate into xylitol, is u n d er study in our laboratories (M olwitz etal., 1996; Felipe e ta l, 1997) .
Xylitol, a sugar with a sw eetening pow er and chem ical p ro p erties com parable with those of sucrose , is anticariogenic and can be consum ed by diabetics. In E urope, as well as in Brazil, this sugar has been em ployed in chewing gums, toothpastes and tablets. X ylitol is usually produced by a chem i cal process consisting in catalytic xylose hydrogen ation, which originates an im pure solution contain ing o th er sugars and polyols. The purification of this solution is difficult. H ow ever, since the xylitol yield and quality depend on its purity, the purifica tion process is indispensable. The discovery of m i croorganism s capable of converting xylose into xylitol offers an o p p o rtunity of replacing the chem ical process by the m icrobiological one, w hich dispenses w ith the need for a pure xylose solution and prevents the form ation of toxic resi dues com ing from catalysis (Silva etal., 1998) .
M ost of the ferm entation p aram eters for xylitol p ro d uction have already been established (Silva etal., 1997; Felipe etal., 1977; Felipe etal., 1997; Silva and A fschar, 1994; Silva etal., 1997) . H ow ever, the ideal tre atm e n t of the hydrolysate and the dow nstream processing for xylitol recovery are still a bottleneck on which th ere is only a few data in the literature. M ost papers on dow nstream pro-0939 -5075/2000/0100-0010 $ 06.00 © 2000 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com • D cessing tech n iq u es are concerned with enzym e sep aratio n and purification, b u t the conditions em ployed in th ese techniques can not be applied to xylitol recovery.
The presen t study deals with a simple and effec tive way o f treatin g ferm ented sugar cane bagasse hydrolysate for xylitol recovery using alum inium polychloride associated with activated charcoal.
M aterials an d M ethods

H em icellulosic hydrolysate
The hem icellulosic hydrolysate was obtained by acid hydrolysis of sugar cane bagasse. The hyd ro l ysis was carried out in a 350 1 steel reactor u n d er th e follow ing conditions: tem p eratu re of 121 °C, reaction tim e o f 1 0 min, 1 0 1 w ater/kg sugar cane bagasse (dry w eight) and 1 0 0 mg sulfuric acid/g sugar cane bagasse (dry w eight). A fter hydrolysis, th e liquid was concentrated by heating at 70 °C u n d er vacuum , in ord er to o b tain a xylose concen tratio n of 5 0 -6 0 g/1.
Evaluation o f different conditions fo r treating the hem icellulosic hydrolysate
Som e d eg rad atio n com pounds, such as furfural, 5-hydroxym ethylfurfural, acetic acid and phenolic com pounds, all o f them p resent in the hydrolysate, act as inhibitors of the m icrobial m etabolism . In o rd e r to m inim ize this problem and consequently facilitate th e xylitol recovery, the hydrolysate was previuosly treated . Analyses w ere carried o u t con sidering th e factors pH (pH ), tem p eratu re (T), al um inium sulfate concentration (AS) and alum in ium polychloride concentration (A P) ( Table I) .
The hydrolysate was initially treated by increas ing the initial p H (0.5) to th e desired p H value (Table I ) by adding CaO. The precipitate form ed was rem oved by filtration. T he filtrate was than h eated to th e desired tem p eratu re and supple m en ted w ith alum inium sulfate or polychloride, u n d er the conditions described in Table I . Finally, C aO was used to adjust the p H to 5.5. A fter 1 h our th e tre a te d hydrolysate was filtrated to rem ove the precipitates, supplem ented w ith nutrients and used as a ferm en tatio n medium.
M icroorganism and inoculum preparation
The yeast Candida guillierm ondii FT I 20037 from the cu ltu re collection o f the D ep artm en t of T -te m p eratu re; A S -alum inium sulfate; A P -A lu m inium polychloride.
Biotechnolgy of the Faculty of Chem ical E ngi neering of L orena, S.P, was used. The culture was m aintained at 4 °C on m alt extract agar slants. The cells w ere previously grow n in a m edium com posed of hydrolysate and the following n u tri ents (g/1): yeast extract 2.0, C aC l2.2H20 0.1 and (N H 4 )2S 0 4 5.0. The cell cultivation was carried out in 125 ml E rlenm eyer flasks (containing 50 ml of m edium ) on a ro ta to ry shaker at 2 0 0 rpm , at 30 °C for 48 hours. The initial cell concentration in all ferm entation runs was 1 0 7 cells./ml.
Fermentation o f hem icellulosic hydrolysate to xylitol
The hydrolysate tre a te d as described in Table I was supplem ented w ith the sam e nutrients used for the inoculum prep aratio n . The batch ferm en ta tion was carried o u t in a 2.01 b io reactor (New B runsw ick -Edison-N . J., U S A ) at 30 °C, 400 rpm u n d er an aeration ra te of 0 . 2 vvm (vol. air x vol. m ed iu m -1 x m in -1), corresponding to an oxygen volum etric transfer coefficient (K La) of 25 h _1. Sam ples w ere periodically collected from the fer m ented m edium for evaluation of sugar consum p tion and xylitol production.
A ssay fo r xylitol recovery fro m the ferm ented sugar cane bagasse hydrolysate
The ferm ented hydrolysate was purified w ith al um inium polychloride (A desol P rodutos Quim icos L tda P-887, Brazil) un d er selected conditions as show n in the statistical design. A fter treating the broth, activated charcoal (superficial area 500 to 600 m 2/g, density 0.26 to 0.30 g/cm 3, Synth 32603, Brazil) was added as described by G urgel (1993) . The effects of the active charcoal b o th on the clari fication of the m edium and on the loss of xylitol during its recovery w ere investigated.
A nalytical m ethods
Q uantitative d eterm in atio n of sugars, xylitol and acetic acid was m ade by high p erform ance li quid chrom atography (H P L C ) using a Shim adzu ch rom atograph (Kyoto-Japan), a B io-R ad A m inex H PX -87H colum n (300x7.8 m m ) at 45 °C and 0.02 n H 2S 0 4 as th e elu en t at a flow rate of 0.6 ml/ min. The com pounds w ere d etected by a R ID -6 A Shim adzu d etecto r and a Shim adzu C R 7A integ rator.
Furfural and 5-hydroxym ethylfurfural w ere also determ ined by H P L C using a H ew lett P ackard R P 18 H P colum n (200 x 4.6 m m ) at 25 C and acetonitrile: w ater ( 1 : 8 v/v) w ith 1 % acetic acid as the eluent at a flow rate of 0.8 ml/min. The com pounds w ere d etected by a U. V.-VS. Shim adzu SPD -10A d etecto r and Shim adzu C R 7 A in tegrator.
P henolic com pounds w ere estim ated by sum m ing up the areas of d ifferent com pounds th at ab sorb ultraviolet light at 270 nm. The analyses w ere perfo rm ed in a Shim adzu high perfo rm an ce liquid chrom atograph, using a H ew lett P ack ard R P 18 H P colum n (200 x 4.6 m m ) w ith a w avelength of 270 nm, at 25 °C and m eth an o k w ater (1:8 v/v) with 1 % acetic acid as the elu en t at a flow rate of 1.0 ml/min. The com pounds w ere d etected by using a U. V.-VS. Shim adzu SPD -10A d etecto r and Shim adzu C R 7A integrator.
The clarification index of the hydrolysate was evaluated at 440 nm by using a Shim adzu U V 1 5 0 -0 2 double-beam sp ectro p h o to m eter, accord ing to the m eth o d described by G urgel (1993) . The pH of the sam ples was initially adju sted to 5.5 and then the m aterial was centrifu g ated and filtered through a M illipore M em b ran e GS (pore size = 0.45 nm).
Cell con cen tratio n was estim ated by m easuring absorbance at 600 nm. The relationship betw een absorbance and dry w eight (g/1) was given by a standard curve (0.1 O D unit = 0.14 g dry w eight cells/1 hydrolysate).
R esults and Discussion
D ow nstream processing of biotechnological products o btained by ferm entation processes from lignocellulosic biomass is critical and difficult, m ainly due to the com plex nature of the h ydroly sates. In this way, a partial characterization of the p retre ated sugar cane bagasse hydrolysate o b tained by dilute acid hydrolysis was initially ca r ried out (Table II) . U nder the conditions used, a m ixture of sugars (pentoses and hexoses) was o b tained. X ylose was the m ajor pentose p resen t in this hydrolysate representing about 70% of th e to tal m onosaccharides. The pentoses and hexoses w ere partly degraded into furfural and 5 hydroxym ethylfurfural, respectively. The presence o f ace tic acid was due to the de-o-acetylation o f acetylated sugars from the hem icellulosic fraction. It was observed th at a significant am ount of phenolic com pounds, derived from th e lignin d eg radation, increased after the hydrolysate concentration step. The acetic acid concentration also increased from 3.68 to 6 . 8 6 g/1. A parallel increase in th e xylose : glucose ratio was also observed. H ence, th e con centration of the original hydrolysate co rres ponded to a second and convenient hydrolytic step (xylo-oligosaccharides to free xylose with sim ulta neous de-o-acetylation). O th e r com pounds like furfural and hydroxym ethyl furfural w ere also p re sent in the hydrolysate at low concentrations (Table II) . A ccording to th e literature (Felipe et al., 1977; Felipe et al., 1997; Silva et al., 1998; P arajö et al., 1996; Parajö et al., 1998) acetic acid and phenolic com pounds p resent in lignocellulosic hydrolysates are the m ost toxic com pounds to the xylose-ferm enting yeasts. Table III . X ylose and A cetic acid concentrations in the sugar cane bagasse hydrolysate tre ate d w ith A l-salts accord ing to the conditions described in the experim ental design. The effect o f alum inium salts on the rem oval or reduction o f such com pounds from the hydroly sate was verified before its use for the p roduction of xylitol by Candida guillierm ondii. A ccording to Table III th e acetic acid was partially rem oved from the hydrolysate using b o th A l-sulfate and Alpolychloride, th e latter acting in a m ore effective m an n er as a flocullating agent. A ccording to R am os (R am os, 1998) th e acetic acid rem oval can be a ttrib u te d to the fact this com pound is presen t in the d e p ro to n a te d form in the m edium w hen the p H values are greater th an its pK a (4.75) and it has a negative charge which interacts with th e po s itive charge o f the Al-gel. Thus, an electrostactic in teractio n occurs betw een the gel and the acetic acid, causing its rem oval from the p recipitate form ed. In th e sam e way, the clarification of the hydrolysate and the rem oval of phenolic com p ounds w ere determ ined. It is clear from the re sults show n in Table IV th a t a clarification index aro u n d 70% and a rem oval of phenolic com p ounds a ro u n d 30% w ere attained.
The sugar cane bagasse A l-salts trea ted hy drolysate was tested for xylitol production by C. guillierm ondii. A ccording to Table V, the xylitol p roduction rates w ere n ot influenced by the Alsalt used in th e p re tre atm en t. H ow ever, an increase in xylitol co n centration was observed after the ferm en tatio n of A l-polychloride treated hydrolysate, which can be due to the effec tiveness of this salt in the rem oval or reduction of the m icrobial inhibitors presen t in the ferm en tation m edium . W hen this salt was used, a xylitol co n centration of 49.34 g/1 was detected (Table V) . This is very im portant, since a high xylitol con cen tratio n in the b ro th facilitates the dow n stream processing of this com pound. Thus, these Al-salts, especially the A l-polychloride, can be successfully used in the tre a tm e n t of the sugar cane bagasse hydrolysate for ferm entation into xylitol. T heir flocculent pro p erties which are re lated to the overall charge and to the pH , are im p o rtan t for the rem oval of particles from aqueous solutions. A l-salts have also been used T able IV. C larification and rem oval of phenolic com pounds from th e sugar cane bagasse hydrolysate tre a te d with A l-salts according to the conditions described in th e experim en tal design. AS: consum ption of xylose; Yp/s: xylitol yield; Qp: xyli tol volum etric productivity; E: ferm en tatio n efficiency.
in o th er processes requiring rem oval of particles, such as w ater and w asterw ater treatm en t. The ferm ented sugar cane bagasse hydrolysate was subm itted to tests for recovering the xylitol produced. A t this stage, the hydrolysate was treated with 5.24 g/1 of A l-polychloride and acti vated charcoal. The purification steps w ere p e r form ed at 50 °C, pH 9.04, for 50 m inutes. A ccord ing to Fig. 1 the increase in activated charcoal co n centration p ro m o ted a reduction in th e p h en o lic com pounds still p resen t in the bro th . A 96.3% reduction was observed w hen using 25% of acti vated charcoal. The use of 15% of activated ch ar coal was sufficient to pro d u ce a significant red u c tion (95% ) in the phenolic com pounds. A loss of xylitol as a consequence of th e tre a tm e n t with acti vated charcoal was also observed. This loss was pro p o rtio n al to the increase in the activated ch a r coal concentration. The m axim al xylitol loss oc cu rred w hen 25% of activated charcoal was used. T he adsorption p ro p erty of th e activated charcoal in adsorbing substances such as sugars, reducedcom pounds and also xylitol is well know n (G urgel, 1993; Frazer, 1989; R odrigues et al., 1995) In our tests, a preferential adsorption of phenolic com pounds p resent in the b ro th in relatio n to xylitol was observed.
The com bination of two chem ical properties, flocculation and adsorption, has been successfully used in som e technological processes, such as the purification of sucrose (Spencer and M eade, 1967; K irk and O thm er, 1978) . Thus, the utilization of A l-polychloride in com bination with activated charcoal is a good approach for the tre atm en t of the ferm ented hydrolysate, in o rd e r to recover the xylitol. To efficiently clarify the sugar cane bagasse hydrolysate and reduce the phenolic com pounds w ith an insignificant loss of xylitol, A l-polychlor ide and 10% of activated charcoal w ere used. A s a result, a 93.5% reduction in the phenolic com pound was observed and xylitol was recovered from the b ro th with 9.7% of loss of this com pound.
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